Summary. The behaviour of testicular free and esterified cholesterol during early posthatching development and after stimulation with human chorionic gonadotrophin was studied in the immature chick using combined electron microscope and biochemical techniques. The interstitial cells represented about 65 % of the testicular tissue and the lipid droplets in the cytoplasm of these cells were considerably depleted after HCG treatment. The lipid droplets isolated from 7-day-old testis contained about 95 % of the total esterified cholesterol which was significantly reduced in the testis and isolated lipid droplets after HCG stimulation. The bulk of free cholesterol was associated with the microsomal fraction whose membranes and cholesterol content increased during normal maturation and after gonadotrophininduced differentiation.
Introduction
The biosynthesis and secretion of testicular androgens are under the control of gonadotrophins (see Greep, 1961 , for review). In adult mice, the stimulation of androgen secretion by exogenous LH is accompanied by depletion of esterified cholesterol and the inhibition of gonadotrophin secretion increases the testicular cholesterol content (Aoki & Massa, 1975) . The enhancement of androgen production and mobilization of testicular stores of cholesterol seems to indicate a direct precursor-product relationship, but in a previous study, using a combination of biochemical tech¬ niques and electron microscopy, we found that there are independent free cholesterol and esterified cholesterol compartments in the subcellular fractions of interstitial cells of the mouse testis. The compartments appeared to have different responses to hormonal stimulation and probably have distinct functions within the cell in spite of the close relationship between them (Aoki & Massa, 1975) . The complex organization of adult mouse testis, however, made the interpretation of bio¬ chemical parameters in the interstitial cells difficult when whole tissue preparations were used. Moreover, biochemical analysis was further complicated by the paucity of interstitial tissue compared to other testicular components.
In the present study, a similar approach was used to study the testis of the immature chick, the morphological and physiological peculiarities of which provide an excellent model system for study of the differentiation of the cholesterol compartments and the changes occurring in response to stimulation by exogenous gonadotrophins. In all experiments the birds were decapitated and allowed to bleed; the gonads were removed rapidly, cleaned and weighed to the nearest 0-5 mg on a Mettler analytical balance.
Preparation of subcellular fractions, lipid extraction and cholesterol determination
The fractionation of chick testes was performed as described by Aoki & Massa (1975 (Horning, Williams & Horning, 1960) . Free and esterified cholesterol were separated by the system of solvents recommended by Creech & Sewell (1962) , and the cholesterol content of eluted fractions was determined spectrophotometrically with the o-phthalaldehyde method of Zlatkis & Zak (1969) . The variability of the technique was tested by processing individually the testes of 8 normal cockerels. The percentile standard deviation of the difference between individual testes from the same animal was 3-2 for free cholesterol and 4-8 for cholesterol esters. The recovery of a known amount of purified free cholesterol (Koch-Light, U.K.) and cholesterol oleate ( .D.H., U.K.) added at the beginning of the extraction procedure was 98-5 ± 2-9 (S.E.M.)% and 96 ± 4-3%, respectively. Values for testicular free and esterified cholesterol were not corrected for losses during recovery.
All chemicals were reagent grade and the solvents were redistilled before use.
Standard t tests and analysis of variance procedures were used to determine if significant differ¬ ences existed between control and treated groups.
Electron microscopy
Whole testes were fixed by immersion in a mixture of 4 % glutaraldehyde and 4 % formaldehyde (Karnovsky, 1965) in 0-1 M-s-collidine buffer, pH 7-3, and 20 mM-calcium chloride. Formaldehyde was freshly prepared by depolymerization of paraformaldehyde and glutaraldehyde was purified as described by Massa & Aoki (1971) .
The testes were fixed for 2 hr and then cut tangentially to the surface into 1-mm thick slices which were treated with 1-33 % osmium tetroxide in 0-067 M-s-collidine buffer for 4 hr. Rapid dehydration was performed in cold graded acetones followed by 3 changes (10 min each) of 100% acetone at room temperature. Embedding was carried out in an araldite-epon mixture (Mollenhauer, 1964) . Thin sections were cut on a Porter-Blum MT1 ultramicrotome, stained with lead citrate (Venable & Coggeshall, 1965) and examined in an Hitachi 11B electron microscope. Sections were also cut at 0-5-1 mm and stained with toluidine blue-borax for light microscopy.
Results

Normal structure
The organization of the 7-day-oId chick testis was described previously (Massa, 1972) and found to be similar to that reported by Connell (1972) After injection of 100 i.u. HCG to 6-day-old chicks the testicular weight was significantly increased by 12 hr and was 50% higher {P< 0001) at 24 hr ( Table 2 ). The free cholesterol content changed parallelly with the testicular weight increase and the concentration of free cholesterol hence remained 
Subcellular distribution offree and esterified cholesterol
The concentration and distribution of free and esterified cholesterol in the various testicular cell fractions obtained from control 7-day-old chicks and chicks treated with 100 i.u. HCG 24 hr before death are shown in Table 3 . The bulk of free cholesterol appears associated with the microsomal fraction and the lipid droplets contained 95% of the total content of esterified cholesterol. The injection of 100 i.u. HCG produced no changes in the free cholesterol concentration, but a significant decrease { < 001) in the esterified cholesterol content of the lipid droplets.
Discussion
The fine structure of the 7-day-old chick testis revealed the presence of numerous rudimentary but well differentiated Leydig cells, as in the prepubertal testis of the mouse (Aoki, 1968 (Aoki, , 1970 and guinea-pig (Black & Christensen, 1969 (1969) found that 75% of the esterified cholesterol is concentrated in the lipid droplets. In the adrenal gland (Long, 1947; Goodman, 1965) and the ovary (Claesson, 1954; Armstrong, 1968) , stimulation of steroidogenesis with the proper trophic hormones was always accompanied by depletion of cholesterol esters. The immediate precursor of steroids is free cholesterol (Dailey et al, 1962; Goodman, 1965; Raggatt & Whitehouse, 1966; Flint & Armstrong, 1971) , and esterified cholesterol must therefore be hydrolysed as a preliminary step in steroid con¬ version (Moyle et al, 1970) . The agranular endoplasmic reticulum contains the majority of the enzymes responsible for the biosynthesis of cholesterol (Bücher & McGarrahan, 1956; Jones & Armstrong, 1965) . In the adult mouse testis, these membranes also constitute the major compartment of free cholesterol (Aoki & Massa, 1975) . The bulk of free cholesterol was also associated with the microsomal fraction in the 7-day-old chick testis and followed closely the increases of testicular weight during the first 18 days after hatching, even though this increased about 4-fold and the concentration of esterified cholesterol decreased about 65 % in the same period. A similar pattern was found in chicks treated with HCG.
The amount of cholesterol mobilized from lipid droplets far exceeds the amount theoretically estimated as substrate for steroidogenesis and it is highly probable that redundant molecules might be used in the assembly of new agranular endoplasmic reticulum (Aoki & Massa, 1975) . This as¬ sociation of free cholesterol with the reticular membranes has been shown by means of the digitonin technique for histochemical localization of free cholesterol (Massa, 1972) . The use of radioactive cholesterol in studies of testicular compartmentation (Hall, 1963; Ichihara, 1969) has been dis¬ appointing, since the hot cholesterol is rapidly metabolized into androgens and the specific activities in the other cholesterol compartments are greatly distorted by the large pools of endogenous cold cholesterol.
In the adult mouse testis there may be a very slow turnover of free cholesterol or an equilibrium between synthesis and breakdown of the agranular endoplasmic reticulum membranes (Aoki & Massa, 1972 ,1975 to explain the stability of the free cholesterol content. By contrast, in the immature chick testis HCG stimulation causes a striking proliferation of agranular endoplasmic reticulum and since this microsomal compartment is a carrier of the enzyme systems responsible for steroid biosynthesis, its development may be an expression of the differentiation of the androgenic capacity of the interstitial cells.
